Abstract. In order to construct vehicle driving cycle with ramp characteristics, this paper applies SOM neural network to the construction of urban ramp driving cycle. Firstly, the data collected by the actual vehicle test is divided into micro-trips, after that the principal component analysis method is used to reduce the dimension of the selected 20 characteristic parameters, afterward the first five principal components of all the micro-trips are clustered by the SOM neural network, and then the micro-trips with the appropriate length of time are selected from each category to build a representative driving cycle with the smallest average relative error and stable slope angle-time curve. The research results show that the SOM neural network has high clustering accuracy in the construction of the ramp driving cycle.
Introduction
The driving cycle of the automobile is mainly used to test the performance indexes such as fuel consumption and emissions of automobiles in the development and evaluation of new technologies of automobiles, which is a common core technology of the automobile industry. The three typical driving cycles that are widely used in automotive fuel consumption testing are the US driving cycle, Japanese driving cycle and New European driving cycle(NEDC) [1] . Most of the researches on the driving cycle of automobile at home and abroad are based on the speed-time driving cycle curve. The urban ramp factors are not taken into account and cannot be used to test the performance of vehicles driving on urban ramps. Therefore, in order to construct the driving cycle of urban ramp, this paper proposes a construction method based on SOM neural network.
SOM Neural Network Clustering Analysis Theory and Method
The structure of SOM neural network is shown in Fig 1. It is a two-layer neural network composed of an input layer-competition layer (output layer). And it has the characteristics of unsupervised autonomous learning. Then the neurons in the competition layer of the network compete for the opportunity to respond to the input samples. Finally there is only one winning neuron, it represents the classification of the input samples [2, 3] . The main process of cluster analysis consists of the following steps: 1) Initialize the network weight ∈ [0,1] ; determine the initial value of the learning rate η 0 ∈(0,1]; determine the initial field strength 0 ; set the maximum number of learning ;
2) Calculate the distance between the input vector = , , ..., and the output layer neuron as follows;
3) Selecting the output layer neuron having the smallest distance from the input vector as the winning neuron; 4) Take the field strength " = 0 * $1 − % & '; adjust the nerves contained in the winning neurons and their fields (the field strength is " ) as follows weight coefficient
where, the learning rate * " = * 0 * 1 − " ⁄ ; 5) Let , = , + 1, if > . (n is the number of micro-trips), then go to the next step, otherwise return 2); 6) Let " = " + 1, if " < , return to step 2), otherwise until the maximum number of learning is reached, the clustering is completed, and the result is output.
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Micro-Trip Division
The normal driving state of the car can be divided into four states: constant speed, acceleration, deceleration, and idle speed. The micro-trip refers to the motion stroke from the start of an idle speed to the start of the next idle speed during the driving of the vehicle [4] , as shown in Fig.2 . The states of the four types of vehicle travel are defined as: 1) idle state: the running state of the engine working and the speed v=0; 2) the acceleration state: the driving state of the vehicle acceleration a≥0.15m/s² and the speed v≠0; 3) the deceleration state: vehicle acceleration a≤-0.15m/s² and the running state of the speed v ≠ 0; 4) constant speed state: the running state of the vehicle acceleration absolute value <0.15m/s² and the vehicle speed v ≠ 0.
According to the definition of micro-trip, the vehicle position, vehicle speed and slope angle data, which are collected in real time based on VBOX data acquisition system and inertial measurement unit are preprocessed and divided into 1314 micro-trips. The slope angle data and speed data are correspondingly divided, and calculate the length of each micro-trip. 
Feature Parameter Selection
In addition to the average speed, average acceleration, maximum acceleration and other parameters, the ramp-related parameters are also set to evaluate the micro-trip characteristic parameters, due to the need to construct urban ramp cycle. After comprehensive consideration, this paper takes 20 characteristic parameters in Table 1 to represent each micro-trip [5] . 
Principal Component Analysis
Taking the characteristic parameter of each micro-trip as a variable, the principal component analysis method is used to obtain most of the information of the running state of the vehicle with as few variables as possible. In this paper, the principal component analysis of 20 characteristic parameters of 1314 short journeys is carried out by SPSS software. Table 2 is the contribution rate and cumulative contribution rate of each principal component, according to the requirement that the principal component eigenvalue is greater than 1, and the cumulative variance contribution rate is greater than 80% [6] , the first five principal components are selected as the main principal components, and table 3 is the score matrix of main principal components. 
Cluster Analysis Based on SOM Neural Network
The SOM neural network is used to cluster the results of principal component analysis. The microtrip with high similarity is aggregated into the same class. The first type is the congestion condition. The second category is the smooth condition. Table 4 shows the score matrix of the main principal components after normalization and the clustering situation, where M1...M5 are the main principal component scores after normalization. 
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Ramp driving cycle include velocity-time curve and slope angle-time curve. The correlation, the time length of various driving cycle and the stationarity of slope angle-time curve corresponding to microtrip speed in connection with each other as well as the error size compared with the total characteristic value (all the characteristic parameters of micro-trip) should be comprehensively considered in synthesis.
Firstly, the correlation coefficient between the characteristic parameter values of each micro-trip in each category and the comprehensive characteristic parameter values of the micro-trip in the corresponding category is calculated. Then, referring to the duration of typical driving cycle abroad, the duration of in driving cycle is preset to 1300s. The duration of " dc 1 = 376s in the first driving cycle, and the duration of " dc 2 = 924s in the second driving cycle. Then choose four microtrips from the first category, the second choice 3 micro-trips, a total of seven to build, and then select at before and after the micro-trip in connecting the absolute value of the difference between the slope angle of each category is not greater than 0.5 ° and time deviation is not more than 5%" dc K the combination as a candidate, and calculate the driving cycle of candidate characteristic value and the total characteristic value of the average relative error(E ;M . Table 5 shows micro-trip combination and average relative error of the candidate driving cycle. Table 5 . Micro-trip combination and average relative error of candidate driving cycle.
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Summary
The method of constructing ramp driving cycle is based on principal component analysis theory and clustering analysis theory, and the effect of clustering analysis has a direct impact on the accuracy of constructing ramp driving cycle. SOM neural network is used to identify the principal components and automatically clustering, and the field strength and weight coefficient are adjusted by learning the input samples, which reduces the error of micro-trip clustering and improves the precision of the construction of ramp driving cycle.
